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LONG-TERM GOALS 
 
Key to assessing the risk of naval activities (such as sound exposure) on marine animals is an 
understanding of where animals occur and what factors motivate these movements. The rapid 
advancement of electronic tracking and remote sensing technologies has enabled researchers to link 
pelagic predator movements and oceanic processes. This information is critical for understanding 
distribution and residence time of vertebrates within an ocean area and for managing interactions with 
anthropogenic activities. This proposal will use the largest database of existing marine vertebrate 
tracking and behavior data to build upon the significant advances in tag technology, data analyses and 
management accomplished under the Tagging of Pacific Pelagics (TOPP) program.  This will be 
accomplished by establishing a behavioral baseline to assess the potential costs of displacement in 
terms of reduced foraging success. 
 
OBJECTIVES 
 
1)  Identify and map focal feeding, breeding, and migration routes. 
 
2)  Model spatio-temporal oceanographic habitat utilization and predict regions of animal occupancy 
and use based on oceanographic features. 
 
3)  Utilize this model framework to assess the impact of displacement from primary feeding areas due 
to disturbances (such as acoustic disturbance). 
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APPROACH 
 
There are two distinct components to this effort, each of which addresses a project objective. First, we 
will use existing TOPP tracking data to generate overall utilization distributions as well as single 
species distributions and further categorize track segments by behavioral state using a combination of 
state spaced models and the fractal landscape method to determine regions of area restricted search 
(ARS) (Jonsen et al. 2003; Jonsen et al. 2006; Tremblay et al. 2007). Next, we will model the links 
between oceanographic parameters and animal movement patterns. The output from these models will 
be used to develop predictive models of marine vertebrate distribution based on oceanographic 
parameters. 
 
WORK COMPLETED 
 
For the North Pacific Transition Zone, we completed monthly, seasonal, and yearly kernel density 
utilization distributions of elephant seals (Figures 6 and 7) using state-space modeled tracks from 
2004-2008.  
 
 
 

 
 

Figure 1:  Utilization distributions of tagged female northern  
elephant seals during their post-molt migration, July-November 2004-2007 
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Figure 2:  2007 Monthly utilization distributions of tagged female northern elephant seals 

 
 
Blue whale and California sea lion home range analyses were also completed using state-space 
modeled tracks; humpback whale tracks are currently being modeled.  We conducted preliminary 
analyses to identify multi-species hotspots for marine mammals and other species in space and time 
(yearly, seasonally) for all three species in the California Current System. 
 
 

  
 a)  b) 

 
Figure 3:  Multispecies hotspots in the California 

 Current System using local convex hulls, and b) 0.5 degree grid cells 
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Habitat models 
 
Foraging areas and home range analyses described above will be compared to modeled, predictive 
habitat maps constructed monthly and yearly for elephant seals.  We are currently researching habitat 
variables thought to influence elephant seal presence or absence in a particular area and determining 
the best products available in terms of scale, quality, and availability. In addition to obtaining high 
resolution bathymetry and monthly sea surface temperature data, we recently obtained monthly science 
quality data for sea surface height deviation, chlorophyll-a, and primary production spanning from Jan-
2004 to May-2008.  Monthly salinity climatologies have also been obtained from the National 
Oceanographic Data Center (NODC).  Working with monthly satellite derived data will help optimize 
the quality and quantity of data available for the study area while still being able to identify large 
mesoscale features such as persistent eddies.  Other covariates that will be included in a habitat model 
have been generated in ArcGIS including Euclidian distance from continental shelf, and distance from 
land.  The monthly position of the Transition Zone Chlorophyll Front (TZCF) was calculated by 
researchers at the southwest fisheries science center by applying smoothing algorithms along the 0.2 
mg/m3 isoclines of surface chlorophyll.  Once these positions were determined, we used ArcGIS to 
create monthly Euclidian distance from TZCF grids.  Current efforts are focused on sampling monthly 
environmental variables at intervals along all high-quality elephant seal tracks. 
 
 
 

 
 

Figure 4:  Sea surface height anomaly with elephant seal tracking data.   
ArcGIS will enable comprehensive comparison under a standard framework. 

 
 

4 

 



 
 

Figure 5:  Sea surface temperature estimates collected from a time-depth recorder.  These data will 
be used to investigate fine-scale habitat-use in conjunction with remotely sensed datasets. 

  
 
RESULTS 
 
We analyzed elephant seal diving and tracking data to assess the efficacy of a variety of tracking 
metrics that have been used to assess foraging behavior. Movement paths and diving activity data are 
frequently used to infer feeding locations of marine predators.  Foraging metrics based on movement 
paths, e.g. from ARGOS satellite tracking, rely on the assumption that feeding takes place within 
regions of area-restricted search, while foraging metrics based on diving behavior assume bottom 
activity corresponds to prey capture.  These metrics have rarely been compared to behavior-
independent measures of foraging success.  These foraging metrics were validated against a behavior-
independent metric, change in drift rate, and against empirical measurement of energy gain over the 
trip to sea.  Elephant seals routinely exhibit dives in which the animals passively drift through the 
water column.  The vertical rate of drift, which can be easily measured from time-depth recorder data, 
is related to the animal’s relative body composition (i.e. adipose-lean tissue ratio).  During a foraging 
migration, the animal will feed and increase the relative proportion of adipose tissue, thus increasing 
its own buoyancy.  We showed that drift dive analysis can be used to estimate foraging success in the 
northern elephant seal by demonstrating a strong relationship between the change in drift rate over a 
foraging migration and empirical measurement of total energy gain estimated from body composition 
measures.  Changes in buoyancy that are reflective of foraging success can be resolved to a time scale 
of several days.  This method is advantageous because drift rate can be recorded simultaneously with 
tracking data from complete elephant seal foraging migrations to identify spatial patterns of feeding 
success. 
 
Given this elephant seal specific index of foraging behavior and success, we compared a range of 
foraging metrics that are applicable to a  variety of species to see which are the most reliable indicators 
of feeding success. Among the 10 foraging metrics tested, the simple measure of transit rate 
consistently provided the best estimate of foraging success, a result that is encouragingly applicable to 
a broad range of species. 
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Figure 6.  A summary of the analytical steps to calculate daily changes in drift rate from time-depth 
recorder data. Left hand panels represent key measures in this process for an individual drift dive. 

Right hand panels represent those for an entire foraging migration. 
 
 
Additionally, the drift rate data have been compiled across years to identify habitat of critical 
importance to elephant seals.  This analysis revealed the significance of many areas outside of focal 
foraging areas, formerly thought to simply be transit periods. 
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Figure 7:  Locations of foraging success from 4 years of elephant seal tagging, as estimated from 
changes in buoyancy.(warmer colors indicate positive changes in buoyancy, i.e. mainly lipid 

deposition, while cooler colors indicate negative changes in buoyancy). 
 
 
State-space location and behavior estimates have been produced for all northern elephant seal tracks 
collected prior to mid-2008.  Results to date have been collated into a single file, extensively 
commented, and made available to other project participants (mostly graduate students working with 
Dan Costa).  A similar analysis, comments, and file were produced for the entire California sea lion 
tracking dataset in July 2009. 
 
ARGOS location estimates do not include complete error estimations, and for many marine organisms, 
the most commonly acquired locations (Location Class 0, A, B, or Z) are provided with no declared 
error estimate. We compared the accuracy of ARGOS locations to those obtained using Fastloc GPS 
from the same electronic tags (Figure 8) on five species of pinnipeds: 9 California sea lions (Zalophus 
californianus), 4 Galapagos sea lions (Zalophus wollebaeki), 6 Cape fur seals (Arctocephalus pusillus 
pusillus), 3 Australian fur seals (A. p. doriferus) and 5 northern elephant seals (Mirounga 
angustirostris).  
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Figure 8:  A representative track from a female Cape fur seal foraging off the western coast of 
South Africa obtained by ARGOS (black) and Fastloc GPS (yellow) locations. All filtered locations 
are presented in this figure, while the comparison between ARGOS and GPS used only locations 

that were obtained within 5 min of each other.(Costa et al. In Review). 
 

 
The ARGOS errors measured here are greater than those provided by ARGOS, but within the range of 
other studies. Locations of species that make short duration dives and spend extended periods on the 
surface (sea lions and fur seals) had less error than species like elephant seals that spend more time 
underwater and make longer duration dives. 
 
IMPACT/APPLICATIONS 
 
Critical to determining the impact of exposure to naval operations on marine animals is relating the 
intensity and duration of an exposure to the time animals spend in proximity to the source, and the 
biological function of that time.  The proposed predictive models of critical marine animal habitat 
utilization are the essential behavioral components to determine whether and where naval operations 
might impact marine mammals and other marine vertebrates. 
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